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WD TV D IV B R R O KOS B (FhE, 1957) OSMALKI3. SkmDFEFNICALE L, v
N—TF R ROMEILE (G - #7, 1954) ZEbRWAS, BB G A TR IIER O R+
edboLBbnd. ERAEREAEORRICSONTIE, ARHIRCTIEI 523 TRV, KRS EORE



ARRDONRKREETAR E & OBREMEND, BN ALTH D ATREED iR,

[ERERABITRO—FIRKOE 2L, ERCHEI BORERROND. BEITELICES, =T
BIERPRE R END 2%, BT CIEARE - Bl - BRERZIZLL, WV RAORIELT . W
TNLED L bSNTEY, v~ vl A Mz AT2006H2 GF 1R . ERITEEOLR
TERAEZT TRy, RERTERALEN, TOPICHRIOE ) Y1 b - fkivAf - FARELTH
D, WEREHIIARIE A « TRA - R EEMICE STV D RS, MAE LR TIESE S A -
TR DR AE L TN D,

. .1 HEOZER—Ta TR

BB OHENT, AbH & IR ARV VL —F R U RIEILE L R D REE T E S, £
ToREH L XA L BB TR S D03, RO X O ICER IR CIR R & KO T A = F LIS
BELTW5.

AHIKIZ I T DO ZER—Y 2 RIS EFL L, W - Fy— b - s - EENSEE
PES . RBCEIERIC B AT, LIXLIETREERERL, BR—RECT ¥y — b EHE L, o
FWZIhOEMAERBT L. Fr— MIBLRZ2V UK C-5emif) 7L, Aifidadaz, B&EIIH
K, K, HIK, HBEREMEEETS. MRy — MIMEIE T 2 L 3%, APCRITR LE
D ALT7 e OFF J7 D REHCE I A g ML DR S CL v R & 72 LT 5. HEMA IR
EE RIS B 72, FRERILOIETIEFHIILE & OERAE A I HE L T Lo DRI
5. ZOEKIEKS00m, £ E3.5kml b Y, o Bk BCEE e, L FRE LEET
LD, BFRMESITIZH G TRV, IEECEZHAE T 5 2 &R 00 ERAE A
NWEFTHTHLZ L Ens, LV EHOLOTHLWREELHD. LD _EBR—V 2 T RITA
MOCAEIR - B D&M E A L, ALEIc50-70" AN 223, ERAERAEE - KAk - FHINILE &g
BIRICH Y, WEIEHICR S MR EMEZ R LT D b o L b s,

AHIFNC I T 2 FH D ZBER—T 2 7KW, FARINLIEOILE ) OF +— FE) 5 % Cornudina
breviramulis minor Kozur, Cypridoddla muelleri (TATee), Enantiognathus zZiegleri (DieseL), Neohindeoddla

\v]
\"]

multihamata (HuckriEDE), N. triassica (MULLER), Neospathodus homeri (BEnDer), N. timorendss (Nocami),
Xaniognathus saginatus (HuckrieDE), BT IRAEST DT+ — K@) 5 1% Cypridodella muelleri (TATcE),
Neochindeodella triassca (MuLLER), Neospathodus homer i (BENDER), N. timorensis (Nocami) 715722 =&l
AI—H ) BT o 7 o—RillT =27 ) oz RN MEpEL, RO fa5 LodemoF
¥ — ~2»5 1% Epigondolella abunepits (HuckriEDE), Neogondolella bulgarica (Buburov and STEFANOV),
Cypridodella mediocris (TAaTce), Diplododella magnidentata (TATGE), Enantiognathus ziegleri (DieseL),
Neohindeodella aequiramosa Kozur and MosTLER, Misikella hernsteini (MosTLER), Neospathodus homeri
(Benper), Pollognathus kochi (HuckRrIEDE), Xaniognathus kockdli (TATGE) 7 &0 =Bfdnifi—% 8 (&
AXT 4T o—/—UT ) ®a /) K hDIENIT Neogondoldla sp., Hindeoddla sp., Neostreptognathodus ?
s, Anchignathodus sp., Neogondolella rosenkrantzi (Benper and Storrel) O —EfdHifi—#iflo=a ) Ko
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MEFET D (FFHE, 1981). FIZAHUEO FHR)ILE X Y B O K 7> 51X Neoschwagerina margaritae
DEPRATAFET 2 (FTH, 1981). —JFRMsIZIs1T 2 FR)IILIE & 0 B OO £ PEE ) b1 Yabeina
gobosa YABE, Neoschwagerina margaritae DerraT, N. cfr. colaniae Ozawa, N. craticulifera (ScHwaGer), N.
snmplex (Ozawa), schwagerina cfr. japonica (GumeeL), schwagerina sp., Misdlina &aff. daudiae (DerraT) 72
YRS OBBE R £ TET B T ATV S (W, 1957). JEBE S MO I AT o LA
J& b ORI & B END DY, T OHEN ORI ZERO T H, Ty A b, BHAREO
FiEpEL (B - 5B, 1957 ; #hF, 1963), 7= BRI OSBRSS ) R hEET D (D
(&2, 1979). Zek =GR EAEOE P3P E— B CERORKE (R 2HD (EDIED,
1979) . WIZHIRD & 5 ICHAT TIEY 2 T RPIAL AT D AREMNIR o7, ZRbDZEaER
bbts L, PHROHIMBHEHEREY I ZBEATHN G ¥ 2 FHICKSHEN O b b0 L b s.

O. 2. 2. 2 FEHOTER—V2T%R

AHURICRT 2WH O BA—V 2 7R/, HI=ZFIWHO=8R - Pa 7R BB THEL, HIXA
EILTE EWTE A LT O ER Y a T RICET 50, KO OO THEILTE ERTEIZE SR
TR, ¥ CHOShND.

RO RV 2 T RITE  HHCE - T — b AIREREDNLRY, BWEHETF X — FOFET
MO o5, 72720, A TIETF v — MIHRAD 20, AT fRICHIR G TR T, ke 2
L, LidLiXiomel bRl 4 24, £z, BOEMBEEZBA L, & EI210emiith O ARE %2 723
(BT . BOF-OWEIZIIE L BEMHCEDIZAER S Y, EOHORED L, a0/

TR BRRMEODERBEYIE  #oT
Interbedded sandstone and slate of the Southern Belt, Chichibu Terrane, Kurano-daira.
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M FBRAHFEH OMPRT ¥ — b Focdbio. 5km
Banded chert of the Southern Belt, Clichibu Terrane, 0.5km northwest of Akimoto.

RO & ZTIEAR0. 2-10emD KK A F v — b O AR & 7, EIK3mOEEE L b2 bbb, Fv
IFAEIRO b o LGRRO b0 GE8K) LRHY, RIEIXIOME EOREEERT I E NS
<, BRI S L HRERE T2 Ln3b b, APCEIIKD NP ORYERSHCE B I E &
KEmO L RERLTEH LTS, T OOHIEIX, 2%ICNAS-80 EDEMEA L, JLiEicso
=80 AT 2728, —IICHHEN OIS H 5.

AHE DD B R I AT A AT L E 20 R S A8, BRI M, C IR SRR L
EOF v — NENOEHDa ) R bEFEL, T HORTHERIIBRIA X T « 7 o bkl —
U7 VRSN, TDH) LEBEDOTF v— bnbiE B P —#%o=a 2 R b Neogondolella sp,
Hindeodellasp., Anchignathodussp. #7EL, FiZFEILOREOT ¥— 236 bRKED “Efd=/ Ko b
fbaEET 2 (FFA, 1981). ZAHOZ L KO &Y = 7 ROFEET 2 FIREMEN RV LA BF
G T — Y SROHEN SRS b0 Bbhs.

o. 2. 2. 3 ZFILWHEDO=ZEBR-VaT%R

TN O =T (U IAPHERERE (MK EIEDS, 1964) TRESND L2 ITHKA - WSS - Fv—h

CHARE R ENDRY, GIRENET S, 20 L) AT MERSERIZI o T ORI L T
RO, PR DA S IXHABRICER S b,

AHIEO ZF LD ZER - Va2 TRIE, WO ER—Y 2 TR EIWTEBERIC s BRI
ETIEHFHO ZER—Y a2 7 RICHE EEND. BEAGRIAMEEERZ T LU +RER T S, 72
BAROOBE T B Y 2 7 RKO AR L RRICHEEND. Z8FR - Vo 7 RITAKRE - IS
- Fr— b S - BPED D2 0 BT AREDMER T, SHTIEHITIET v — R %0, AKE
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BOK =TI OAKE R ORHCE  SFIRrE L. skm
Limestone and slate of the Sambosan Belt, 1. 5km southeast of liboshi-toge.

FHAGRERL, SRT, EEICZ LV, LIE LIE50-100emo FRE TREARBCE OE % #ide (559
B) . HEMEBIILREEE R ONKIEEN DY, ARETv— M HEEL, & XAk IEEHRIZAIK
HHEAEGT. Fr— MUIRAGBOIRT v — b EHAORBRT v — I3 d 5. HREITEM - T,
ZO—IIMV AL LTRAIND Z BB D, JENTF ¥ — b OERTILREARICA 2T, BEXK
AT L CEEICE S TEL D, BAITEMIZIZZ LY. 2 oA - BT E o —fki
Mz b5, dLFEIZ40-70" AT 223, EmWFEAL <, BFHAESFITE L. eds—BaEmniag
R LT LT 5.

AHIR T, BRTIREE PE T ORACE P OGN D ¥ = T RO FReMED & 2 HlE - kG - Bie Bk
FADFELEPMHITND (R, 1981) LS, FRIEICERDRILAITRERTHS. LiL, B
RO EAEE LIFE )7 DF K> B Epigondolella primita MosHeER %, -+ — k7> Neogondolella polygnathi —
formis Buburov and Steranov, Epigondolella bidentata MosHER, Misikella hernsteini MosHER 72 & D =
BAREH D—=T > —®H /=T ) O3 R NEETS (FFHE, 1981). 7l fEARRFEHO
P LD MU IR RS R - HES - WA - AIKEE R EOb A DEEN D, ZEREH—EAE
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ENTWS (BIkEIED, 1964). ZNHDZ LG, AMIRO =R IHFOMEILX, —ERE2ETAHE
PEEHD LD, KEMIZIZERT, ERIZY 2 7R ICESATREIENRZ .

I. 2. 3 FRIILE

AHIE DAL PR 5 PR R U2 23 T, PEFICHIR S L ARE R L CTOMT 5. £ < 0%E
HEEMEA S - TERE R - SBRCRITREL QD 2 e h, EH T o CLy RRICHA Z i b
D EBLNDD, HFIXENEILL TR,

KRIGIIWE - B - BEED G20, BRIk I N L OV CIRE R IRE & #ide. L v XRG4 D
HOLENZ R T T O AR O FAE S HEE Shy, WHANCEES 208 S MBLE R H Y, FlIZms o THEE
EARENS L 2D, WEITPR—HKT, EEICHEERD. HEEIRAZEL, BELAEETD. A
JEECIIEEIIIR CTH D03, MBILEIEILH E 0 Aoiiev. FEOBOMTE T ORI AR
DoND. BEETERMEIEOD, WKBUREENGRY, Fry— b - JBREES A - HAMSE - 1
AR EERE T

DA TEERA M O F A LDV D FRRINLITE B PO E S - M RER VN T T A %
REN, AEORRMRY 2 TG EHEE STz (MF, 1957). 20, ZOE OAKENBLED
Ml S B O A %213 U b Oxytoma cfr. multistriatum Tokuvama 72 &0 "KL AN RS, K o
Koy s EE =B L Sz (BF, 1960). 7ZedsARHUROMOBEE 7 OARJERY A 2> 51X Monotis sp.,
AR AETE 7 O itk & DB Ols AR E 2> B Pleuromya sp., Monotis ochotica (KEYSERLING)
% Of Monotis typica (KIPARISOVA) ZEET 2 Z EVHBIL TRV (KfH, 1981 ; HIIR, 1972, 1981 ; 4f
Ao SFRE, 1970), TGO END, AHUEOFRJIE S ORESIE L8R (G —=7 v —
B =0T ) LHRREND.

I. 2. 4 Xx0OB

ETREMT KO VER G K ORI, ZEUHO =48R « Va2 7RICHEN TIKHL50-200m% § > T
SRL, BOEYE, DHEHRCROARKENORIMEND D0, SHEOEHICANELO =5 R
VA TREIFERRDI NS, KOOEEMSEZ L LT 5.

Konf@oEmn, EEHIEDDZE% - Yo 7R EEEOBEMTHY, N5 EDQEMERL, 45 N
WA 2. RBEIO=ZE% - Y2 7R EENERRICH . Ko RAAKE L OEEIIRES
AT EAROA hav hARTZO1FEEEZ bR AbaEER L, AREITERAAREOMRME L 2
T5. TNETTEEREEHLE TV T, A% PORET OREND LN, Vo T REH O R EER
W—hbexftb LTk

I. 2. 5 KBER

AJB VA LR IR U, ARl = RIS o0 7 R 2 > O R R O TR I L O B 23 T, kT
KAEEFEDOERITIA L DT 272, AHIECIEZEO—BAILERI DT IS T DICTE 220, P
DBFH—V 2 TR EOMITIE, JERAERAEDN L RIS ENR D
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IR IS O KAAHTIC®H Y, T2 CRECEERGENLRY, BeEZ2ED . SR AE
fB—AtE R L, ME—HRIT, WKIEHE Y B2V, HEAEIRKOAEZEL, WaLEET 5. BB
FECIEREIREN B V. BES IS ICEDN D 2 L BE L, BIIRI0emLL FOMEEN G220, FL L
TF¥— b, ROTHE - BREE - fEfs - ARBEE A Gl 2 ORI NV RIE L8 O Fik
BREDEEND. BEEOLEIIWE THD.

KRG HIMEAPFER ST, BELDPAER B EHE S (W, 1957) A%, S sk ook R
IHOFEFIBOOMD HE D EEAH ST B A MR RAEh, EfYaTRE SN ARIED,
1970). ZOEHEIIRAEO—EHICTET, 20 LRA THATRICKSITREME BRI TNDA, K
XLTEERT2T7RE LTHR-T2. ZO8E, %RiBO BT 2 7 RKOOE L ORGRARBE 02,

I. 2. 6 WEHE

ERUA X Z < OHAIEVHEREFIC DN S, —HCidERES BRI fEbi, Eohio B8R —
TaZRHPicbAHond. EOBARIICOWTIE, 1EREARICEALLL L ORPAMRICHEI LS
DEZSHITNDN, AU CIIERAE RS 2 B0 Tk, FiY 2 7 R0 E hilifo 8 R—
2 TRICHEN IS, RO TER—Y 2 TR E FBEEBRFRININE & 25T 2 OER ICHEL
THIENL, ZER—Va TR, FRINLEROKAEORERE, SRS RRIICEEIZn-> T
BALLLbO LTSNS, ZHZMAT2FHMN0ITE N2, ETo, BECEORS &R 588
HREMEEEOMERIC OV T, ATl L < bhdien

0. 3 Wrn+REk (BHR—H TEE=R)

FUMN U5 A AL O U5+ B L, SRR A S IR i AHER R H 72 0, ATR O
JBE, HESROMME, B SR PR BB KB S D . ERIERE & PE R LA )
BT, MR E BAEREIRE - BIERILET Y TEEEN S, G LI I3RS B RO KAy & AP
FOH MO TER#ENT S G0, F2R).

I. 3. 1 HER

FHI LIS K, OV OO D HBE o0 DY 5 BRSO T, MU UL ORTIE D1 F >, i L B OBL R AL
Hiwse SICBHREL T, w5 E< OMFZERZR STz

AR (1904) 13205530 1 TELF) BEIZIRWT, JUNIMEDSE =R 2B A8 s & Hft
KEEPAREIC 2 KA L. 2 O5IXE 2 THCET OIS 720, MM HIIC 81T 2 EME - (53
(A3, 1979) (SEVMEEIZH D, DWTEHE - s (1918) 1320054y0 1 TER ) KIFIZIBWT, Zo
BAIRIIER L2, ZOME 6T L b FRCE ORI 23, HERILHIEN I3 E o5y
HORRIZITVLEIZ 5D, ZORMOENE, SH SRR B EORMELE LR LT, BEE

4) FhFIE OO AR I8 LR L o TR Y, ZOfoICHPE & A MEREL OB, HOHETIEREE L TH Y, ok
TIHARBRILE ETH D, ASCTIIMME & B REROSZ 5 LRl - AU L LS et 2.
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(B%F KURAOKA)

= RNES

onegawa Formatio

RWUF Nagase Formation

AR

Sandstone composition

EHEFE

Q<F|Q>F Uv&aino Formation
jU

Al ® | 14

o

Lo

V| ® | B

= 0 1 2 3 4 5km

EIOK R - RISk HUE AR K OV 7T+ R R EERD B AR
Q: F# Quartz, F: B4 Feldspars, R: 22 Rock fragments.
Simplified geologic map of the Morotsukayama and Mikado districts, showing modal composition of

the Shimanto sandstone.
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Fo2R EEURVOEZOEIHBCR Y 3 mFHRBEORERF

Stratigraphic succession of the Shimanto Supergroup of the Morotsukayama district
and adjacent areas.
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TREZHICZ LIRS, WTRIC LT, BESLLENMIEAIZ T, FEERILHIO I 1%, Bl
ERNBERDHLOLE ST,

Lo, EHRLESER DL DN T H, HAERKMHNNZ 2 572, Kato (1915) (XH
T - MAESER OREE 2 2 THOs A AR OB & A L, EAERKO MR ED—8) HZERAEH—
—IZBHE U CHNWEDREARDH Y, ZO7DIZE U JgHEimizin 5 Fli BIZHEAMRA L CTHURMA T
il Lz, LaL, BE - WE (1918), ME (1918) 1%, Z OEEMEILZE OFERKOEETH D A4
THLMNIHEAETH L L LT, Tha /AR oRkEes & Lz, E (1918) 13#ROAIAIIE
SELTHWRWR, BEREEAEITERT 5 Kato Sl L 1d—H LN\ L1172 5.

HEH (1925) bAREFHIOREREEEY HAER E B L, e THE & T OILOEE & 12Xy
L7z, & L CTHeE R OEREEZ R —~ 7/~ 0 DFE SN IZBN VA L OWERE & Lz, Zhubix
WAERROEERHIAEIRE LTHEA LTS DT, SRIFGIE k< KIEMIC X DBUKARELIR & 70 S
iz, ZOBIIEREO—RNIRM TH o7z, L LIR (1934) 13K AR EL, THEED RO
A R T 5 28, BERVEOE ALY Eiotfgn@ih L, Mg~ 7 ~Ichkd
LIENDE DB U BN BIZBEA L THRN TE 72 & LT, o LALR & MBS & ORMREEE L
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7.

PLED X512, SUROAEREM b HAERKE T RMNR L7, Lo, YEHARA (1926) H30UJ7
FIFEEARE L CLR, ZOMYBIZLIEWICY 2 FHBBELE)IFE LTbhd L oi7o7z. A
F(1939) 7L 5 T4Ho 1 k) MEHR O =R & T X CHELF)IHE LTl Lz
Mo T, TOHBICBEET DREE LN “HAERT b2 ORI PAEBIEL T LIRS,
FUCBIE LT, 1Ok AEOFRIL L 72> T TR b P A OERM E A7 SND Z &l oie. A
HIFIER DAL I (TP A D IEAE LWE 2RO TVDER, ZHIETHAHEOMZEZE TS LD TH
D, ARHUROIERE FOROIERIIEEH AT 5. eBadtiE THER ) REHRIcom 5 HAES %
WRRE LIRREEIRCE I, & BICRRERIFICED TN D,

F0%, H - Fok (1949) J O Tatsumi (1953) 1%, HEIEHEOHEZF)IE (HAEE) - F0AK
JB (BHRLZ)NHOWE A AIER) - ik (SEZE)IFMOEER) LOHORE (BERZZE)IH
DA X5y L, T BICE TN DEEME 2 MR OBBIRE NS & A7k L. & L CE#bb
FRELRORK & LT, ¥V FRERR L AR 2 OZENI 5 B O3 O RUEH & 85K
DERICBES 2. SERAERDS & LT, A OZWEMOBRTICY7-5 & Lz, 2oE, KA
(1951) OOERMESE (LG Hidsk, et - H B (1951) O HELLHEOMBEFE M TONTHWER, L
WZRHRIZ DWW CIE RS Y S 20 LI RORFEP A & LT Y, EHI LSRR O REIKIZIE ST
TRV, PR TRUEH G 23 A PR LTS B W CHR OREE & Lz BETARCE L, ARHUIRIC T A HEIEEM 2
DTFHE LB DTN E S & HbE b D Th .

JUIMIZIBUNTIE U oD TRRACHE & U5 17 & 2353 D ALEEERR OALE SR Sz Dk, 505550 1
MR NE TREVE ) &5 1A (MWETHRART, 1954) B\ TTH- T, ZAIUT Ko TULMEHEER O —H)
AHIEOILTE 285 Z E B LMo, L LG HRERHC OV L, RHOREE AR & LT
—fEEINDICE EFE o7, LMK O O FIHIR O FERS SORICHE R L= 01X, 79AEIED (1955)
@ TEIRT VAL PEH0 L& | E) 1 Byt X ) (2R D & ZARE . Z OB TR - 4
Um0 TR A HRERE B AR L o TRELS Ry &h, wikEENIR S, THEWHOILNRY
b LML ol Loy LG HREFHOMERRIC OV T, BHICPAERE LTolRSE.

WA (1956) (X095 +RIEREC 1T DEMEDOEVITIER L, EREOmW S (FHUEH) OF
HER A B 2 R % JE [ — SRR (IR R & R ONWU 5 1708 2 ORI L 0 Bk 2 #7ICK 9y S 5 AThetk 2 5
U7z, L LIlHOMERMUCOWTIE, & bIcHERE STk, 2ok, FER—KE LEERIT
HESERTFEED (B - A, 1958) CfER0AL (KA, 1961) TSN, (ZZFFRHIEA - A (1959)
13 B BT QAL P & i 5 Zhd—ai it o Bfba 2 52 L, A (1961) [XAER O T
“HEOFLREREALL T, ER—SERLEEROEMITIELE LTHE SR THAHZ AL LT.
KA (1962) (ZZHE TOMGHHFOMIEZRAE LT, JLE O - FelbHs & M oREEH - A
P« PRI - JERATICREE XSy Lz, 6o 2 3 = 8% — B AR N LR 0, Mo 4151,
Ta TR —FHAEROEBINZRE, KESHE RO R5. ZORSCIIUE, R
WA BIERHT - VAT - eI T 5. RBBAITIZ ORIEO T T, TOREBIREA L STz
HEMERIC OV, Bo& M CHIREE SR EN TERY, Z 0%  (THERIRFOURE X I LTEB) D FEY) &
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LRI LML eotz LTWA, 7ok, BEM (1959) & HRIEHLIR O BIRIC DU TR HEREIRBLER & &
ZTZNEIRARTND.

—J, G BSRYEE R (1967, 1969, 1970, 1971) 1X19664FE)> 5 19704F (27T T H & 52 sk
DIEARE R T, = OHIRO MRS PR S T Wi R & kD) - S8 - B o8
< JIDKGRREIZIK Sy Lz (1969). Z 0 9 HJIKFiEIE B AR —d 8 =%, tidd =87 —Ali%
EENTWD. FER—4RE LSRRI T Wi & )IKIEE & oM Z2@5. £ LT, RN & fldrE & i
FRZBRICH Y, WEZFRREE 2 L. 2 OBISHIIARIRIC 31 M O SikrR s, 1R
AR I TR EM 2 O TReA I %S5
SHED (1971) (TSN HHALRE IR W T, T RIERAFBENE (V=2 7 %—H#R),
PP RE (AR — TS =R) KOR MERE OSMadEE =5R) WXL, FEEERE L wh it
85T D AR LT A AR & AU TE. SRR ISR & A —ER R LSRR & OB T, R 3RE
ERIERE TS THCE &AM OBIRHRE S 2 R LTV D DITH L, BFIEiab) R ofm ik n R
TR (&BSEYITRILIREE HIEM ORI, AHic BT 2MMEOSIBEE) OfEEE LTV
HZEICHD. AIEA (1971 FEIZ, SUNEG HHFALRBIZ IV TERS M 21TV, B =il
I K DBERMAERAER &, ZAUTHATT DAREE SIS R & & KB L, SERE AR 2 53 28 R A8
R HBREW SN L.

DOUWCSERIEA (1974) (T E) IR UG+ BB RO RS AR A s L, FEsEse & - B e iE
EOMIZELWERNDH D Z L 2R, HiFEATRE, %E2HE =R LT, JUNEHOMT 1
BUBBEORRIOME S 2175 & & bi, MRERICS O TUITEN D R~ &SR O JE P2t
MHHENDHZEEHGLMNT LIz, ZLTIO L) R MER - MBS - WaHR - ZRER 7 &2k
HLT, SHEH (1975) TN G+ OMER G Z2 T 72, E72ME (1977) 1%, JuEH R O
Tl - BERE O +RIEREOW AR O TR AT, WEEROEFHEICES “Ba
W ORENFRETHDZ L 2R LT

—J7, BB - S0k (1975) KROWE (1978) 1%, HJI - Lo WIHHRICIHWT, AFFRED (1971)
DJEF% KIFICYGET L, ESREC WL, RESE £ UHEAMES - v — Mk ) g &
Wi - FAE RO EEEEENO R HORED 2@ ELEH L TW D ILTERVWE LT, T
—k + 77 b= ZADOSLYD O EIE & KPEITER S VB SE O S SR HIME, %8 % g B HERy
E LT FlEES (1979) X, FIFHEICK T 2k taiRid s & b & IREHERY LI A ITE
BRELCALUEEZER LT b0 L, ZOKBIETOE A BRYEOF LSS off-ridge & #EE
L7z, £LTC, KIHRZIREHERW & & bICREER DU S - & Lz,

IRBO—EDOT L— b« 77 b= 7 AT KD RMIIIEL, SER (1977, 1979) 1IRDERLRSCZE R 0
J& A2 R O RS & OBIR DGR L, (IR E SR RECATIC b, HEBHER & SNTba
L RBEDRLE « SLMRLR Z b oW 2 ESCIRE T 5 2 &, SEIEVEEE L B A & OGRS L <
HMBNDZ L7 8D REEERREREZ GE L. £ U TR OHIRAY - JBIFRIZE k> 5 VU 57+
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2437 Basic volcanic rocks, 8 | BREEKE Acid tuff.
Columnar sections of the M2 Member, Makimine Formation.
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Phyllite of the M 2 member, Makimine Formation, 2km southwest of Yakai.
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Measured columnar section showing
relation of basic volcanic rocks to
clastic rocks in the M2 Member,
Makimine Formation, Yanasaki.



1AM HIEEM 2 O LREEERAS & VRIRSE it
Pillow lava overlylng basaltic tuff of the M 2 Member, Makimine Formation, Makimine.
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15X FUEEM 2 ORRRIAS  Hud
Pillow lava of the M 2 Member, Makimine Formation, Makimine.
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Columnar sections of the Yato Formation.
118 L FC  Legend is the same as in Fig. 11.
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Columnar sections of the Hinokage Formation.
AGieZ 511K & F © Legend is the same as in Fig. 11.
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Columnar sections of the Shiiba Formation.
AHEEIIEF T Legend is the same as in Fig. 11.
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Measured columnar section showing mode of occurrence of conglomerate
and pebbly mudstone in the S2 Member, Shiiba Formation, Yamase.
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20K HEEES2 oLy (8) LEVEIES (b) 1l
Conglomerate (a) and pebbly mudstone (b) of the S2 Member, Shiiba Formation, Yamase.
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Columnar sections of the Tonegawa Formation.
MBI #EIIK L AL Legend is the same as in Fig. 11.
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Thick-bedded sandstone of the T1 Member, Tonegawa Formation, Yamanoharu.

H23 AT MG A R HRIET 2 O EERE I E T
Interbedded shale and sandstone with slump structures of
the T2 Member, Tonegawa Formation, liboshi.
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H24K  AREBLTELHR)IET 2 OBSS T
Conglomerate containing abundant pebbles of limestone
of the T 2 Member, Tonegrawa Formation liboshi.
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Sheared pelitic rocks interlaminated with sandstone of
the Mikado Formation, 1.5km southeast of Kogakura
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Phyllite interbedded with basaltic tuff and sandstone of the
M 2 Member, Makimine Formation, Yanasaki.
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M2 Member, Makimine Formation, based on borehole data at Hoshiyama and Karisoko.
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BEFGOBGZAT 5 BERERMEEE T, FEVEIRO PRBAHETIIARITHRITH Y, iR/
FRICETe. FIBIROBILECHV VAR T, BEShSD 728 < A ISR & 722 2. ERIFATIC & 0 £82-7
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W36 KEE () ROWEuL ) oftmsts, W-+REie 5 < BRIGEIRO—E w5 5I0h & S
Outcrops of granite porphyry, a part of a ring dike intruding into the Shimanto Supergroup,
viewed nonrth from Sugawara.

CMO FUEOY A OFEE 2 5 ATV 5.

FEFTIE, BRI EICH Y B - AR - RIER - BERNG 2D, BEANa - BANES - RS
ZED . HAMEMIZEHZ BEANGICHERTEY, BT 7 F/ Baeikiitaicgfishtn
5. BITHEAIRIZE A EREAICRRENTNDR, RS TWDHI ERDDH. AKITMLOA
WV ERA - REA - BEROEATHY, BEMIRIEALL TS ZERZN

I 5 % W %

I. 5. 1 FARBREHEY

FEIR LTI R B S IS RE T A O R M R OZ O X, )l - BIIEOZERD
DOEFIZTL BFPCR LN BITTE 0.

T W RO OIGROFIRITIE, B2 - BT IS 220-260m (ALK &V D H&100-140m)
DB, I\« AT & OV OB I CIIARE = 100-140m  (Fb&60-100m) OB EEAA OIS (5
3T . Z D% IIMFFAREHEHOBRRE TH Y, T LV 20-80m Tz, 37 bRk kR HER
YOE FIZIES2-10mO [HARHERID N b 5. 2 2 Tl 2% By mHER & 13 2 D IR IRHERE M O = &
T, FIERKHHERIICHE SN D720, —HEZRESHER TIIER L CThD. Z OHERMIE LICEE)
L0, MERUZS. BEIZTNENO EREBOME IS U TR, —RICHENE L, migEtt
CIKCARE ST, BITIZIETHAEET, RRIIRE 2L OTHIM, EiH10-30emkTH 5.

) IR W O TN B FEEE160-200m  (LLiE10-30m) o Hsk (3T 5 B mHERE 28 i 2 & LS
5. ZO—ERITPTREKRTHERII BN DA, (IR ER KPR & K &, )5 B I HERR A3 B
BEHBH LTS, 2D OB RHERYIIE S2-56mT, EICEEN»S2Y, RifkiX10-30cm<T, —
WO OBEN DS, MR RO &

FEGATE TR S240m  (FLERI100m) OBRIF I PEE KR HER ) DR REm A H v, itk heo-



HIT PR OB
River terrace, near Yato.

80mM FAZIZIE S EmD I =B EHERE S & 5. BEORIFRIZ10-30em T, BE O Z . Yl
JIFCHIE) AN b /NP B LI 3 FL S, Bl K HERE I b o 2%, — & PR E BEOFA
R b, ks, EEJINAWIC L 0 ONRE LM LN D8, S5 hSVwoT
R CIIA I L.

OI. 5. 2 [MERKBRHERED

BT E K RTE & 1%, AR > AL PE HK020kmOD BT #E U VT 5 IS S L, [RID VT T ORI BER
L7z KREFROBRHRTH Y, T b OHEREY & PR HEAS Y LIS, FTRRRREIE, T2 ol
237 ) BWVEFRRO & 2 4 BOWE KA 7 VZHIH Uiz, RS TIREEK A 7 V30T s
Aso-1, Aso-2, As0-3, AsS0-4&EIECR, KY A 7LD KRG O OREREDIERTRE - 1 KRGS O
BE - L KRFiHERE 72 & LIRS ONBRIE S, 1977) D). RRIEHUKICIZZN S D 5 LOFH LW O 294
I NOWEIY), TR BIES - 3 KREHERM & TR - 4 KPHERR & 30 AT 5. mHERI IA HiE
WOEZI, F7b bl BRI OXKRICH > TEREROHEEZ S 2TV,
PbD 5 b, For WINERED VT 7 ORMBEREZ TR FLTWD S DT, KFRFROFEIRT R
Thofcle®h, KKPERHERILZ OKRITH > TR b IMBILS, »OEW. —F, BIROEH A8
JNDEAKRIZITEE S LT T OREICESEE L TRV, FfRKERIR T oM &Emiiz iz <,
NHDOKFZNICH ZOREFEW D /34 LT D (5 FREA, 1979, p. 34).

FTRR KR OMEHAERIC DN T, HEERRAEEIT L 7215 5TV R02S,  [ildk - 4 KBRS0, 000Y.
B.P. AiftL & (BTHIEA, 1981), Blff - 3 AR ZN LY BFEREL WO L Ebis (N
E0y, 1977).

5) /NEFIEA (1977) TiE Aso-1,As0-2, As0-3, Aso-4 1IMEKY A 7 )b, Kk, O OHERICKRT L CH6E LTl Sz,

_49_



O. 5. 2. 1 Pfif- 3 KFPeimHrsy

AREGRHEAE D DO IFBINFLZINEE DA 2 U THRHER TH v, TAUI/NEFIEA (1977) DAso-3B
W72 0, BilgR - 3 BRAMRHERY) & 5. T OMIZ, TECEE DASO-3AICS - 55k b EE R, =
NP - 3 AKRETHER & 5.

S BIAE - 3 KRS Ty W ARTIR WIS 2 O 1 E0 B O3B (WIS AR
BBV, OTIHIRE - 4 KREHERICEE L, TOTIUCEN TS, 2k, Bk - 3 kFLiHERIIA
HUeN CIEIL 851 KRITIE M L TRV, BERRF g oAbzl <\ fiddd 5 (5 3H1ED,
1979).

BUEDRTEE - 3 KSR OO T TH 5. Ziud, A KEHTHERED DSEE - 4 KA
DOWHLLRNT & A EHIFI SN0 T, BifEd DPHE - 3 KIHRHEREIZZ O & ZHRFEL Tz b D
2, BATEE - 4 KPTHEREMIC K> TIRESN CTBEICE T2 b O TH H. Flkk - 3 KFHEREDIL, 249)
AT E S HERE LT, TOFEBIZIAR L, £72 BEICIRFERER N H - 13 TH 508, Bl
B, BUEL 7 WD WD FTEOBEFEFI O A, 7262 1ITEW TIIREEDIETRFE O 237 LT
W5,

BRRUVEREH = OHIRNICOMAT DRE - 3 KFEHRITTXTH T AETHY, BT T A
{EARIFFE R S TWH7RU,

EYWIIRWIEHTET 2 b0, ESHEmLLEH Y, KESIEEETH L2, ki@, L LE
STVD. TS <ERHL, WAWVHERERZ o, REIIRRIKAOMELKILRTH Y, Zoh
2, BRECMUTORGAZ 2 72 K% Ete. 223 ) TIZERREZIEETHY, — k<@L,
BOZ LS HRIROMAWKIEZ L BICET. KEOR 2 U 7 T LERICZRRIC R & Waiaz #o
LORHL. AEBAORIZI%NU T THS. B L boix, REIIRBE, 22 ) TidRaz 23
2.

L (RN B OB BRI #E T D A K IR HERE ) O BRI TR ML T O Ao A 2 % < &
Tl D, ZOBRAITRIAMORILE D, WMHEkE 2T 2GS ERATH Y, T OB IER
ik - BAKRROHRED TH D

AR KAHERE ) TR OVSFANE I - WV L, BUFET 2720 CESE20mEL EThD. & T
LA G OEEFICEL TS, 2 CIRAEERIEED L TR0, S FALRIRL LR OFHRE L
7o, B, WH, SERT 7 AEETHY, BEITHBREIN A2 295, 2o B, FRICRE,
WETHDIN, REL U AE2ZLE0EHORHL. REL XIFE LR (0.3X5cmfiE) Th
D, EEFEID L L XAHUNe =T A4 MEINE R XL HET 72012, Bk Tld L v Ao M
BHELD. ZIOOENE, HHERHD b A TRlEF - 3 AKFERHERIM OBIRFEHRTH A

FEE - 3 AKRIRHEREMI IO TACSE CTh D, 85T TIIPTEE - 3 AKRMRHERE OTRIERIE, F&
LC, DTS BLENTH T AW 60D, 7 ATRGBEEN T, BRI VAL L
K. 2oz, 1FEACEBGT, WERTTADGRDOIREL VXL VBROMER - A - 8857

6) Bilfi - 3 KIIRHERHIZIERE L~ US04 LTV DAY, 2 OFRFEORE AT 7 MU IR W O EEFF OBBII KIS EL 2 AT
Bbi Tz, LEB->T, Iy RIS RIC R D STV 2 DM bR - 3 KFMEHER O 4343 3 b 2 FTREMED &
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DB E ST

Rl - 3 BARHHERTY OUFEANIAMIBAR G WERAT - PRANZSIC IS BEHT L. &1
M2 Dg AW HRI Z2 AR BB ET 5. BBKAOLE I, BEI5-200mOAREL v X &5
te. AEL Y RREREG, CROOLHFERT T ATHDHD, TOMIZ, HEYRILLTVARY, FEia
LizA2a ) 7EAEMNEGEEND. AEENIIRemO L ONVEDH DM, —RIIZ2emEL T TH Y,
WOBEDZLN.

FTfi% - 3 BARFRHERE L IET  GEVER LA Ch 5. 85T CIIRaR - 3 BARIRTEHEREY O
BEPE T, 220 5-1mmL EORBE L R - B - S BEREERI50% & K, E O AR T 2
ARG AN B

H T AETIIBEDT T ANG20, REOHATEG 5V TH D, KE L X TEEADOH
FATHLN, WRSESEOERAO L ONRE—HTNITIRIET 5. HWEHHHE CIIEEOBE Rl 7
ZTHHN, BERHATCIIREEEL TV HDONREL, Ly Ao THHOSAD LD &, X0
BEAAOKEOLOLEH D, FEL VAT EACEHMWETHY, VPEORESR - W@ - SRR
£ BRI E AT, SYBEREARICIT ERROBER RO b O L, Sk E Boh o e ERH 5. 0E
T IE AN D D

Bl PUER - 3 KPMEHERE OERTH HIEF - 3 BARMTHER L, FIRE - 4 KFERAEREmIC L,
WIZRATHY, DOFRREHEODLZ L, FHRBROAOAYVTROITAF G2 L, Bfb Lz &
REE - 4 KPRHERE ORI b U TR A @ E 25503, Blgk - 3 KIHERE O 2 =0 ) 7 1 38R —
FBETHDHZ LR EICL > TEBIEENS.

RRE - 3 AKRRHEREA OO SRR I XRTAR - 4 KRGEHERE B OBRIEREAR &SI TR Y, 20k
FROBZDHEAIZ 3T LT, JEF RS & Ok R R ERRAOEAICE, hbERET 5
Z EIEAES TR

M. 5. 2. 2 PBfF - 4 KFRAERY

AU 53469 DA - 4 KPRGRHER TGS ER A RO T v, /NEFIZA (1977) DAso-
A Y722, LL, EEBHIFISH TWDZ L&, B LTV AN EN & Db,
AsO-4BIZ Y= BER53 7S, b &b EHEE LAe o R OEIE & ZITH 0 L TR WIS DWW T
FETIER V.

S - BE PIRE - 4 KRR AR D 4 B O KR E VSRS A 7 VOO 5 5, Kb
BHLL, EERBIESHHTHHDOTHS UNFIFD, 1977). AHUSEAN TIEIL 2 #0)1| O AW 0% X
ISR BIAL, FOME)IRIZORHEOEY Wi & & AN OFINIR > THHT 5.

T W) A WO CIEBE DR S 1350~ 100mERE T 523, JIOHLE < ICHEHT 2 EE & ILEICH 5
RIFH & OIEEAIT200MITET 22 L bdH D (Mlsdekk, REIOWIIIRWVO LD AT L), HI
AFZOEY WITHESEEKIOMB Y, £ LEE L OE) A & AT R OBRFEATTbH K L L
L OEEZEITI00MEL Ld 5. HAEINEWVTIIESIFI0MEL T Th 2.

FTRE - 4 KEHBFHEOKBOMIBEL 2L R TH 5. KFERITEREORI I - T, BOEFT
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EHRE L7203, EOBOHIFNT X > TR#E - 4 KFEHREDIIARO WM S 5 W Nc B mikicgE s
7o, BUET RTORE VI TIIREICIUS - R@he EOMEE NI L TR0, ik - 4 Kk
M OIEED R CTE DBIATIE, TOTIITHRBER 5. Lo LEEE O RIZdH 5 K HERIC
YO KDIFELZ DY 5 RENE AONARANT L1, ZOBENSHIICHK L TBEEZ2LTE

D, HEDRIZZNE D BIRWLEIZSH 572 2 & 2R T ONnE Lit7ev. ZOGE &2 D 7 filgs - 4k
WMRHERI PR BIC L > CTT N CTRbhic &35 L, FlfF - 4 KPR OIRA OEITBER b 5
RTER - 4 KPHERE O JLIE L BUEORIK L ORI H 2 2 L1250, BEZORENZRETE 2
BRI R,

W BUERTRR - 4 KPERHERM A ME- TV B B RITE ORI ITFRE TIERL, fRICERAICE
STHLOEMIZZIT TS, BERRHIZEON IS EEOMRETHE SN TWS, FEiE4e< FiE
T, BSAMUNTBEL 2, 200RKRBH Y, £ liZ-eazptm & 7o - THARE Lo g
ICE3 %, MHE ORISR 2R TE 2V LA LIELIES 5. HilEx 7o LTV D0 1300
WHTHY, REOBER OO IIIHEME, FICKMBEEE, JREEMEE ThD (GE38X). (Ll
(R BRI ORE R B D & F1x, T IIHONHERER S D Z L NE. Fi, ERRSAEE LY
IRV ORERHUZ I IPTRR — 4 KRR L T D139 Ch 5%, HERID D TS
Bk, HIEIS DTSR SIS K DB O DICBIH A MR TE RN ERZ . HERIZIZRIRWIC

38 F WAV ORTEE - 4 KPEHERI O MY AHUSILRANE, B2 ATE KON RIEASED &I 5 & 7%
PR DA S I, A TFRTORA (E8E TRSUEAERML) O LoBIIRTHE - 4 KPEHER), T ORI
fif - 3 KRCHHER). LSOO (Ef, Z£F) 13T CRIRE - 4 KRGTHERB OB, 2T OIER O
ot EAERHATETRE - 4 KPTEHERT O IR
Valliey filllng Aso-4 Pyroclastic Flow Deposit along Gokase-gawa valley, viewed northwest
from Hinokage near the north margin of this quadrangle. The cliff below the arrow is of Aso-3
Pyroclastic Flow Deposit and the cliff above the arrow and other cliffis are of densely-welded
Aso-4 Pyroclfastic Flow Deposit. Gentle slopes to the left and in front are of partially-welded
Aso-4 Pyroclfastic Flow Deposit.
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398 SO LIRS AT BAR - 4 KTEHER O RIH MV oMBEIZE A LIRS Z2VOT,
AL S ERRL LI FEEFILO) N ST
An erosion surface of Aso-4 Pyroclastic Flow Deposit nearly parallel to the original slope
of a valley side. It is hard to be identified when covered by vegetation.

Wrige L CRTfig - 4 KPRHEFRED O 3 A mMRBLES VTS DS, TV D ITERIADSHEGR S 7z b O ) e 7o e
MEHOH L HOIZROENTEY, ZOMIZHHICHRICE DN WSAMIIN R 50 & Ebh
% (5391X) .

A==y b ARHIEORE - AKRETHERIE, D TEWSID R OSEREH TH Y, ko
BBROLATHOERMO 7o —a=y bR b0 EBbhs. LnL, 2720 Os»nmE< wk LT
JFREIED 30T NWT & b, WEISEWEEE SFEEICDE s THETH I LB LN L LDed
2, 7a—a=y NOBERAPHER CTE O TROBHEZT Thotz., AL I, BZ®)IALE
OV OFER %O Rk R L v 100mito ZmHFMkIcH 5) OFBIATE, 220 7r—2=
v "D HND (F40K) . FAO 7 B—2=vy hOKBOITHERIKAD, —EBFEaL L iR
FEREKETH Y, 20 EEH40emiZBEIZIEHE R T 7 206720, ZOMIC i S HREENS T
ETWDS. ZORIOL7r—a2=y Mgk FEICREABNRE LZHO003HY, £o LI o7
B—a=y FOHO XY HIEREDIRWEREI S Th 5.

B B - 4 AKRERITRECE OBEAH TH S, LL, TOHERMITIER-ORE, ko ki
REC R THENPSRICET 5. Z O KMFHERE THERIE OILEE AN LA SR T v, AN
TEHARHDHDOENWHAE D> TNDHDT, ZTOTFHMITMERFE L T D. ERNORKEE, ik
COBIEIL SMITH (1960) (01 > TRENFEHIO S LEEO S DI M7= 573, JLEROHIEAE L <

_53_



FHOR FR-LKREEEYTR O 2 7R —a2y b RREETHORLS

Two flow units in Aso—4 Pyroclastic Flow Deposit.

L : Aso—4 DEGTDO#EE Land surface before Aso—4

O : Y54RI D Aso—4 OFE  Surface of Aso—4 before welding

W BREHB O Aso-4 DOFIE Surface of Aso—4 after welding

T : WEDOHFE Presenst land surface

N : FERR#EER Zone of no welding

P : BAKBE Zone of partial welding

D : 3R¥SHEER Zone of dense welding

A F—FREEOER Boundary between N and P

B : B—AREE R Boundary detween P and D

X-Y : H7AEH ETR) LBy T 2ei (£ LA OER
Boundary between vitric and devitrified zones

UQC : k= wx— F Upper colonnade

E : =& 7% +»— Entablature

LG :TFEl==3%— K Lower colonnade

S-S : BAR OFrE#R Trace of the section of Fig. 42

B AEDB ORERAFIHERY OBAWTE

Schematic cross section of valley-filling Aso—4 Pyroclastic Flow Deposit.

TEHETR T2 D FBE OB RN OFEH ORLE b HEHETH 5. Al o> 3 b HEREH) O FAE DA & 4448
BLiE %M & 25541 « 2RI ENFHoRT.

FEEDIFEFREANLR @, PR OMBLT T A KK N S8 5. ZHUTE SHem-H10em THEK (&,
FIVAAE DIEFE R \TE L, U3 0em-Em T HEICRIFREMICRALT 5. IBREOE LWEAICE
SRYSHEF O IR X B AEE T T ARIRO b 5 BRESEOS 47T

SRIEFEAHO—EBITIIARE L ANE LML L, BAOERDEEIC L DR X Btk s =
Z, ZRIEED ONEF - ML, 1974) AEXZZEEARTLOLH D (F43K) . RIS D EEICm)
o THERER, BRI T 225, ZOZUITEEEOIER-H O IREHEICE 52 21l )T
BN ThD. LEOBEHHNAT T ZEO L &3, BBKAOHEHIC, BADAKE L X% & triH
R, AEL L RRRA OBHERIEEZ E12R LT 5. EEOIEEERIZIK A0 T 2 KK



| Y
Zones and their relations
e 5 3= N
ol DI e amrs
Degree of welding tgis figure |Vitric/devitrified
o N 77 2R
EE A2V __Vitric
[=% uT"—" u
BE I Pyx e
S A 8, Wi A7 24L
ws o ufF Dy Devitrified
., [2b} S =
K2 s ﬁ‘@ X—— ——X
™ o gé R 8 Dy
Z | Bl --—me BL 5 RE
o) Pry )
3 fN—— AL Vitric
=N " N

a2 AEOROMER-4RRERP O WG ETE  $um o o S-S @y,
AP HLE GR 4 HOEPbAE) KRFETHS. BZEMA], KEEREOWH Y.
H > F43 - F45 131543 - SO FROALE
A sketch of a cut of valley-filling Aso—4 Pyroclastic Flow Deposit. This figure
corresponds to S-S section in Figure 41. F43 and F45 are the points of Figures
43 and 45 respectively.

5725 BWEICBREI0emUL FOREOBRA AL EICE . BAXRAMORmE LD, L<&FaL, #
EAKROANAOBSZET. IEORERNE 7 E 12D CEROWHERY N O 5 & i3k LK LRE D
TP, B RREROANGEET 2 L TEOEEDNHERSND.

R ClE, TRESERIE TOBN T 7 AETH Y, TS RIFAT 7 A eAk 5. Bisd
T AMUTEENOIE Y, KE LV XOMAT 7 AUIXZEN L0 biBND DT, FT el LI REankHk
HFIZ BT T ADORE L ARABRIC LR DR8N, DWTHRE L XBHH Z 2k ko Tk
b U CRRMPIREDER &7 5. RIEFEHROAY 7 20 LIz 855132 O _EOFRERICITER S HAE
AREE TV ZENEBETHSD. [MHEEREZF LU EAIRAR, ZILETmOTHS
<, BEINCLTOVOTAHRBEHIIEZVIC W, BHEAH D & EITTH4ABITRT L 5 (B T
Wk OB AT O3 D3R V6 B T A 1R 5 i 7o Bk &2 2 < 5.

BAE  FIEF - 4 AKPRITSEREG ARAMBCEE Ch D, 81 N CIREREEIE I 7 A -
KBV R G - B D75, T ARIERRBEORE Y (—%IZ300 o min)  FHEHCIR
DHATRTHY, FBOTEART T ANSRD. WA T AP TIE, FT A IESNED SN
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H4a3B BIRE - A KFRIRHER O 0 T A SREESHERR R
Wi > T, ALY X3HR 2 RTEET T <, fmic
0O TRIRBC L - C, RRFIESTEE SN TND. B2
JI, REBUBEMEOGE Y (42 DF43)

Dense, vitric welded tuff of Aso-4 Pyroclastic Flow Deposit.

Note the inclined foliation plane and essential lense (flattened

pumices) which were not only flattened but a little stretched

by secondary flowage along the foliation plane. The Photo-

graph was taken at F43 in Figure 42.

> CEHROEERESMBRET DT 7 VA T4 MEEE O Z E03% . KRBT CIET 7
AT A MEEITHEICBEEICRD.

AE VU RIH T AR & FRRICRBEENR T T A0 6705, KE L X%, BEEHEh s
ORIROKIEZE —FE LY, SMHERAEENRO DA D, MIEHET CIIKILob 22 & 8D
T, BWHE, WREOT T AL 250, ZORIERRO ZREHEHUR IS E D 0H L7 5. Bl T A
PCIE, TRIERAHOARE L I E A T APIWERE A 4 U CREBICH 7 AR END (H45).
ERPEIIEE T CIIBOTARBISEL, =7 4 VK7 U X b A3T 4 hOMAEROREBRESTH-
T, MEREREITERT. SAHGEHER TR, REL X3 EoRAOHEE 2R, =T 1
« 7 A RMRTA FOBEHRES TH DM/NERD, ENENOBICZERE BN TEE > TS, FHLL
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FaalR SRS HE &2 L < AT 7o fhE - 4 KIRHERT ORI  BIm AR # 0, BA OS5
WOTMBENEDS. FEEF AT
Erosion surface of Aso-4 welded tuff in the zone of intense vapor-phase crystallization. Note the
somewhat rounded appearance of the rock face which is pitted by weathered-out pumices.

FA5 AT A Lo Te KB L X BRTIRA T AE LT B IC AT 5 REORE L Y ARD 5105, TOK

BL oy AORRAT LY LIETH EICHERE (BWZROES) B8BAELT, BT AMELTnD. ALY XORE
7T AR A NS BERIT RIS RHR AR, B ZRITa)l, KBSHEDEIE Y (5542 OF45)
Partly devitrified essential lens (collapsed pumice) of Aso-4 Pyroclastic Flow Deposit in devitrified
matrix. White areas in the middle right and the lower left in the black, vitric lens are aggregates
of microspherulites. Small white specks in black, vitric part are mainly of plagioclase pheno-
crysts. The Photograph was taken at F45 in Figure 42.
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ZHE ORIk E R T

AE L AR OBEEIIRHER - ABA - SR - S0 Ch D, BERITRICERLTHEREATH
. AAERIEESRAANATH DL, KMEHEP TIIRA CERITARE S, BLANA
WAV, SRR L T D A R S BRI I LEL OB & [AIFED & O DIE), KARLD
70 B RHRROW I 78 E OSSR D 5.

FHEMATZIAEN R LS, TOMICEBE KIS - ibER Y 28T,

REMAM  FTH - 4 KPHEHER—RY P ICOA ShT0 s BRI AT, AN TIT— %I 10cmeLT,
% < IZ5emEL T T, BIIHMBLU T TH D, BOERITLLEE E LT 5 KIEBNERICLL, £80
Y%k D, BRI VT T 55 ARKIK £ COREE - 4 KFEFROTEREIIE & A EXILEED G LTz
T Ll AHUIIZRR S TR - 4 KFRHERE O A BIRICH o TE I THLEIER b o L LRI
BENTND ZEMDART, SEABOIGRIIE R JGEED A & KRR I VAN b DT
b5 . ARHILTIIIRY OB - 65 - Fr— b - BEKUERETHY, - AR, mrt
BUEEE, ML KIEER SlchkT o bo L Bbns. RGO BT, ZEROAKEDN
T+ 2E FOMEF - 4 KIPETHFED OIEETER P O AL B &, Z2emil EO KB OBITHI10% D
KA B P, BR2emBL R O/NEOBIZIFAPE LS T W e o7z, o HLS T IRA BT
TENTHDIDT, KEOAKEBILZ OHATRVIAENTZ DO THD L, Thbb RFRATE
FIZREABEZRVIAL Z ERNHDH T a2 LTV D.

g - BB VRS 2 HRRE U7 E T, A O REIEVREREN TE, TRk TS
AEROERITHEY, ks (BF43X) fth, SENICAE CRDSICEIT 55 Z1 XA L (Lipman and
ARAMAKI, 1966 ; Vi, 1976), ARE L AO LIEYVHL (L, 1976 ; /NEFHEDS, 1977, p. 11572 &)
REOHBNBIND. ARIEHUIROPTER - 4 KFRHERDIC S LIELIEZ OMOBE N BEsh S,
BT CIIEBIC L > Th &b LOTILITERDLN TV AR, BIXEIN ULEEO L LT, Zorf
WCERIEOD “IRERADAEL, TRDFICARE L XOBIZEE > T, ETIRHW- L XBIOZER L e
STWAHZENRHD. FATTREND LI, ZOL 2 REyEHEEE L LT, SR LEE L
PN LI REFBZRZ L TOWAHIL L BB TN

TREE R A I TARIRET LS R T 5. FRIRE BT —fRICEN. LTV D2, FEEmAEV TV D & &I
1, RO THRER (FTAbbHHEmE) IS L TEREICESS XOICHRS Z LN/ HETH S, —
WA R ETEE O RIFR 1L 1 0em-1mRETH 54, & ZITIE30ecmLl FOMD THIWFRIRE 295 2
ENRBHD . IR E O T EAEECE I, BEOHAZAREEE (arx— R cé 2T WiLLiavs
and McBIRNEY 1979, p. 115, 72 E&2ZM) OHICD THIMOARKANZ, HDHVIIRIZ LIz, #Hin
WEIBER (2275 F v —: L WiLLiams and McBIRNEY 1979, 72 8) LML ZENnHD (6
41+ 47D . S ORIDNONEIEICIE, B O OFRREBLUCERZR L TAL TV D b DR H 5703, Btk
B HNTRVE DL H 5. BIHIKZRFRRETE Lm0 22 i Al A b SR 2 AT ) L TR HIp T
T 5 E XM ENDD, WREHD - L XIEOWm CIEE B SREIREITT 5 &, Wil o Hyeis
TIHREARLA NS < 725 7C, H L <A U2 HiBAR O RGN & 70 5 78 LS R T O 2 B3 5 46403
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Pull-apart structure in dense welded tuff of Aso—4. Note the right-stepping echelon of pulled-
apart, secondary-vesiculated lenses resulted in left-lateral, down to valley-bottom, differential

movement along the foliation plane as shown by the arrow in the sketch.
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AT PTk - 4 KREHERIIARE A T OFRRREER 2o Efand—F, 2247 5Fv—, Tianix—F

Ed - ZupENIY v
Columnar joints in dense welded tuff of Aso-4 Pyroclastic Flow Deposit. Note the three zones ;

the upper colonnade, the entablature and the lower colonnade.
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Abstract

The Morotsukayama district is situated in the southeastern part of Kyasha, geotectonic-
ally belonging to the Outer Zone of Southwest Japan. The northwestern corner of the mapped
district is occupied by the Chichibu Terrane, and the rest by the Shimanto Terrane.

In the Chichibu Terrane late Paleozoic to Mesozoic rocks are distributed, and older
cataclastic granites appear as scattered lenticular bodies in the Kurosegawa Structural Belt.
The Shimanto Terrane is made up mainly of the Shimanto Supergroup of Cretaceous to
middle Tertiary age. These rocks are intruded by a remarkable ring dike of granite por—
phyry related to middle Miocene plutonism.

Quaternary sediments and late Pleistocene Aso Pyroclastic Flow Deposits are distributed
along main rivers. The stratigraphic succession of the district is summarized in Table 1.

Paleozoic to Mesozoic rocks of the Chichibu Terrane
The Chichibu Terrane is tectonically divided into the following four units: the Northern,

Middle, Southern and Sambosan Belts. Except for the Northern Belt, they occupy the
Morotsukayama district. Strata of each belt are composed of geosynclinal sediments with
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Table 1 Stratigraphic succession of the Morotsukayama district.
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basic rocks, and trend northeast, mostly dipping northwestward. The late Permian to Jurassic
rocks, exposed in the Middle Belt, consist mainly of slate with sandstone, chert, limestone and
basic volcanic rocks, and are tectonically sandwiched with the upper Triassic and upper
Jurassic formations of shallow sea origin. Beside these rocks, cataclastic granitic rocks as—
sociated with serpentinite occur as three small lenticular bodies in the belt. The granitic
rocks are tonalite and granodiorite, which are the pre-Silurian plutonic rocks of the Ku-
rosegawa Structural Belt. The late Permian to Jurassic rocks in the Southern Belt comprise
mainly sandstone and chert, with slate and limestone. The Sambdsan Belt is situated in the
outermost side in the Chichibu Terrane, and is bounded by the Butsuzé Tectonic Line
from the Shimanto Terrane. Rocks of the belt are represented by dominant limestone with
basic volcanic rocks, chert and shale. They are considered to be largely late Triassic, and a
part of them may be Jurassic in age. Also, this belt is sandwiched with the upper Jurassic
of shallow sea origin. Many Triassic conodonts, pelecypods and Permianfusulinids are found
in this district.

Shimanto Supergroup

The Shimanto Supergroup marked by thick geosynclinal pile with submarine basic vol-
canic rocks is divided into the Morotsuka Group (Cretaceous), Mikado Formation (Paleo-
gene) and Hyiiga Group (Paleogene to early Miocene). These strata have a trend of NE-SW,
mostly dipping northwestward, and are characterized by a zonal structure with many
strike faults. They have been subjected extensively to low-grade regional metamorphism.

The Morotsuka Group is bordered by the Nobeoka Thrust from the Mikado Formation,
and is subdivided into the following six formations: the Nagase, Makimine, Yato, Hinokage,
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Shiiba and Tonegawa Formations in ascending order. The lower three formations consist of
phyllite, sandstene and basic volcanic rocks. Phyllite is chiefly of peliftic origin and frequently
interbedded or interlaminated with sandstone. Sandstone is lithic graywacke rich in acid vol-
canic fragments, and has often foliation. Basic volcanic rocks consisting of basalt lava and
pyroclastic rocks are predominant especially in the Makimine Formation. Some basalt
lavas have Pillow structure. Near Makimine, these basic rocks are accompanied by cupri—
ferous iron sulfide ores in several places. The lower part of the group belongs mostly to the
actionlite zone. The upper three formations of the group are made up of alternating sand-
stone and shale in various thickness and proportion, and are intercalated with a few layers
of conglomerate and acid tuff. Sandstone is feldspathic graywacke, and is coarser grained
than that of the lower three formations. The upper part of the group belongs to the
prehnite-pumpellyite zone. Therefore, metamorphic grade becomes higher stratigraphically
downward in the Morotsuka Group.

The Mikado Formation bounded by the Oyabu and Hikageyama Thrusts from the Hyiiga
Group, and is composed of pelitic rocks and basic volcanic rocks, with subordinate san—
dstone. Generally, the strata are intensely sheared and have imbricated structure. Sandstone
is similar in modal composition and grain size to that of the Hyuga Group, and is clearly
distinguished from that of the Morotsuka Group. Basic volcanic rocks consist of basalt lava
mostly with pillow structure and pyroclastic rocks. The formation is considered to be early
Paleogene in age. The formation belongs to the Prehnite-pumpellyite zone, being distinctly
separated by the Nobeoka Thrust from the actinolite zone of the Morotsuka Group.

The Hyuga Group is divided into the following formations: the Kijino, Dogawa, Uwaino
and Chinjinzan Formations in ascending order. Among them, the lower two formations
are exposed in the district, and are dominated by shale, frequently alternating with sandstone
in various manners. Sandstone of the Hytuga Group is fine grained, rich in quartz and
poor in feldspars as compared with that of the Morotsuka Group. The Hyaga Group rarely
contains Eocene to Oligocene foraminifera and Oligocene to early Miocene molluscan fossils
in the neighboring Nobeoka and Mikado districts. Metamorphic grade of the group is same
as that of the Mikado Formation or lower.

Granite porphyry

The middle Miocene Okueyama Granite, distributed to the north of the district, is sur-
rounded by a large ring dike which is 60km long and 500-1,000m wide. A part of the ring
dike is exposed in the district, and intrudes into the Shimanto Supergroup along a large fault
running from east to west. The ring dike is made up of biotite granite porphyry related to
the plutonism of the Okueyama Granite.

River terrace deposits

Beneath the Aso Pyroclastic Flow Deposits along the Gokase River, river terrace deposits
are recognized in many narrow places, though most of them are omitted on the geological
map. The deposits are 2-10meters thick, and are composed of subrounded gravels of various
oldler rocks.

Similar river terrace deposits crop out along the Mimi River and Isuzu River in small
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extent.
Aso Pyroclastic Flow Deposits

The Aso Volcano, located 20km northwest of this district, erupted pyroclastic flows in four
major eruption cycles before the formation of the Aso Caldera in late Pleistocene. The deposits
of younger two eruption cycles, those are the Aso-3 and Aso—4 Pyroclastic Flow Deposits,
are distributed along the rivers in this district. The Aso—4 Pyroclastic Flow Deposit forms
terrace-like topography along valleys continuously, while the Aso—3 Pyroclastic Flow Deposit
crops out under the Aso—4 Pyroclastic Flow Deposit in separate, small patches.

The Aso-3 Pyroclastic Flow Deposit is welded weakly to densely and is nearly aphyric
pyroxene andesite with some early rhyolitic unit at the base. The Aso—4 Pyroclastic Flow
Deposit is non— to densely-welded deposit of hypersthene-hornblende rhyolite. It buried deep
gorges, espesially along the Gokase River, occasionally up to 200meters thick, and shows
various features related with dense welding caused by deep valley—-filling as shown in figures
in the text.

Alluvium

Alluvial plane is scarcely developed in the district. Only fluvial deposits consisting of
gravel, sand and mud are found near Unama in the southeastern part of the district.

Economic Geology

Cupriferous sulfide ore related to basic volcanic rocks in the Shimanto Supergroup and
manganese ore embedded in Paleozoic to Mesozoic rocks of the Chichibu Terrane are known
since old times as main metallic ore deposits in the district, but all mines worked these ores
have been closed.

Cupriferousiron sulfide ore deposits

The ore deposits are in connection with basic volcanic rocks in the Makimine and Yato
Formations. Most of ores are not embedded in basalt lava, but are found in a part between
lava and pyroclastic rocks, or in an alternated part of phyllite and pyroclastic rocks. The
Makimine Mine, the most typical mine in the district, had been worked untill recent. In this
mine, ore bodies are parallel to schistosity plane of phyllite, and dip north-northwest. Exten—
sion of the ore deposits are about 500 meters towards strike side and about 3,000 meters tow
ards dip side.

The ore contains pyrite, pyrrhotite and chalcopyrite, with galena and magnetite. Similar
ores are present at several places in the Makimine and Yato Formations, though they are
not worked now.

M anganese or e deposits

There are manganese ore deposits in the Sambdsan Belt of the Chichibu Terrane. Some of
them were worked, but closed owing to small ore body. Country rock of the ore is bedded
chert in many cases. Worked ore consists almost of manganese dioxide or rhodonite.
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55 1T XIR

1. R« UG OBER & 22 LEREIERE  fr-ledbrt. Tkm
BT : {Af&h#iE#t Butsuzo Tectonic Line, C: BRR#EDAPCH, T+ — kR UiH Limestone, chert and slate of the Chi-
chibu Terrane, S: M7 Z@EEoRb4 Sandstone of the Shimanto Supergroup.
The Butsuzd Tectonic Line separating the Shimanto Terrane from the Chichibu Terrane, 1.7km
north-northwest of liboshi.

2. B IMsEST O~ A e A MeLe b—F 74~ R21053 (EAHR—7)
Py — S EMRA & AT, REEIITRER  fAfA - A7 = U E DS
Mylonitized tonalite of the Kurosegawa Structural Belt. (Crossed polars)

light : Na-plagioclase and quartz
dark : aggregate of chlorite, epidote and sphene

_72_



5 1 XR

1. FEREM 2 O TGS ubkEmirEzkm
Phyllite of the M 2 Member, Makimine Formation, 2km west-southwest of Yakai.

2. WET I FTICELMMEOSRIETCE Ay AHLL 5km
Sheared pelitic rocks interlaminated with sandstone, Mikado Formation, 1.5km southeast of Kogakura.
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1. ApffE (M) & ReErhE (K) oBEfta 223K - (OT) wm
The Oyabu Thrust (OT) separating the Mikado Formation (Mk) from the Kijino Formation (K),
Takahata.

2. WAREIE OIS EUEEAE
Interbedded sandstone and shale of the Kijino Formation, Takahata.
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BIVIXIR

FERAE EALTE O T 7 F 7 PRI ET BREildkE DR EE

Representative rocks of the Makimine Formation of the actinolite zone, northwest of the Nobeoka Thrust.
a T EEZFFoOXRA R21064  ALEBAHERF. (EZHR—F) Weakly sclistose meta-basalt. (crossed polars)

b. WWETFHAE R21055 JtHEEDOAR. (FHA—FDH) Pelitic phyllite.  (only lower polar)

c. Jikws R21056 AbdBASHESEFAL7. (BE%3K—F) Schistose sandstone. (crossed polars)
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B VXK

FERAE ERFHFO S E S 1 - R — IR AP E OREREA
Representative rocks of the Mikado Formation of the prehmite-pumpellyite zone, southeast of the Nobeoka Thrust.

a

b.
c.

NUFT A MfREFOXRAE  R21057  JLBFHkEFE. (TR —7 D7) Basdt showing variolitic texture. (only lower

polar)
MRS R21058  AeiAfAnsIER. (R A —7 D) Sheared pelitic rock. (only lower polar)
Wi R21059  AL4RA/NE. (EA8R—7) Sandstone.  (crossed polars)
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HE VIR

HHCRERER O S (ERR—7)

Sandstones of the Cretaceous Morotsuka Group. (crossed polars)
a: I T2 (T2, Tonegawa Formation), b: H®¥JEH2 (H2, Hinokage Formation), c¢: /\FJ/EY 1b (Y 1b, Yato
Formation). Q: fi%& Quartz, K : # U &fA K-feldspar, P: #Zf Plagioclase, V : kIl /i Volcanic rock fragments.
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EVIIXIfR

HERME RO A EROWS (EZR—7)

Sandstones of the Tertiary Mikado Formation and Hytga Group (crossed polars).
a: 2MIljE Cl (Cl, Chinjinzan Formation), b : JBA¥FfE K2 (K2, Kijino Formation), c¢: #f9f@ (Mikado Formation) .
Q: A%k Quartz, K: # VA K-feldspar, P: f#H&f Plagioclase, V : kILi%5 i Volcanic rock fragments.
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FEVIXAR

BPCEIROFEBES  R21060

Granite porphyry of ring dike.
a: [HAAR—7 Crossed Polars, b: FJHAR—7d7 Only lower polar, K: 7% U EH K-feldspar, Pl : #&% Plagioclase, B :
BEEF) Biotite, Q: A1%% Quartz, Hb: i PI4 Common hornblende, Cpx : HifHifi Clinopyroxene, Opx : &} Jifififi
Orthopyroxene, Oq: RiZ#I§i4) Opaque mineral.
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